Introduction {#sec1-1}
============

Esophageal cancer is the eighth most common cancer worldwide with an annual incidence of 456,000 new cases.\[[@ref1]\] In India, it is the fourth most common cause of cancer-related deaths.\[[@ref2]\] The incidence of esophageal carcinoma varies widely by geographical location. In Asian belt, the predominant histological type is squamous cell carcinoma, whereas adenocarcinoma is predominant in western countries.\[[@ref3]\] Tobacco consumption in various forms, alcohol, hot beverages, and poor nutrition remain the predominant predisposing factors.\[[@ref2][@ref3]\] Esophageal squamous cell carcinoma (ESCC) is the most common type in the Indian subcontinent and distal third of the esophagus being the most common site.\[[@ref2][@ref4]\]

The cornerstone of curative treatment has been surgery. However, for a variety of reasons, the majority of patients are not suitable for surgery. More than 50% have locally advanced unresectable or metastatic tumors at diagnosis.\[[@ref5]\] The mainstay of nonsurgical treatment is chemotherapy or radiotherapy, either alone or in combination (chemoradiotherapy). Chemoradiotherapy has now become the standard treatment in patients with locally advanced or metastatic ESCC but is associated with increased risk of toxicity and the 5-year survival being \<20%.\[[@ref6][@ref7]\] Therefore, the need for balancing the clinical outcome and toxicity without compromising the survival benefit has led to the development of biological-targeted therapies as novel treatment options.

Epidermal growth factor receptor (EGFR) is overly expressed in 43%--89% squamous cell esophageal carcinomas.\[[@ref8][@ref9]\] The EGFR overexpression is strongly associated with increased metastasis, decreased survival, poor prognosis, and treatment resistance.\[[@ref10][@ref11][@ref12]\] Nimotuzumab is an anti-EGFR humanized monoclonal antibody. Several clinical studies conducted in various solid tumors with EGFR overexpression have documented promising results with improvement in the tumor response rate and overall survival (OS) with minimal treatment-related toxicities.\[[@ref13][@ref14][@ref15][@ref16]\] Thus, nimotuzumab has garnered increasing interest among researchers.

Recently, studies in the Asian belt have documented growing evidence on improved tumor response and survival rates in esophageal carcinoma with nimotuzumab in combination with standard treatment/regimens with minimal toxicities.\[[@ref17][@ref18][@ref19][@ref20][@ref21]\]

In India, there exists a paucity of data in the literature on the efficacy of nimotuzumab with standard treatment in esophageal carcinoma. Therefore, in the present study, we retrospectively evaluated the effectiveness and tolerability of nimotuzumab combined with standard treatment in locally advanced or metastatic esophageal cancer patients.

Subjects and Methods {#sec1-2}
====================

This retrospective study evaluated the effectiveness and tolerability of nimotuzumab with standard treatment. We reviewed the hospital records of ESCC patients treated with nimotuzumab combined with standard treatment (chemotherapy or radiotherapy or concurrent chemoradiotherapy) from October 2006 till November 2016 at V. S. Hospital and Madras Cancer Center, Chennai (India). The study was approved by the Institutional Review Board.

The study cases were selected based on the following inclusion criteria (a) patients of age 18 years and above, (b) patients with Stage III--IV, (c) histologically confirmed squamous cell carcinoma of the esophagus, (d) patients with locally advanced or recurrent/metastatic esophageal carcinoma, (e) patients with Eastern Cooperative Oncology Group (ECOG) performance score ≤2, and (f) patients treated with nimotuzumab (200 mg weekly) combined with standard treatment. We excluded patients of nonesophageal cancers and patients previously treated with other anti-EGFR-based therapy. Clinical data of patients were collected from hospital records, which included the diagnosis, age, gender, pathological type, tumor stage, tumor grade, ECOG score, and clinical course with the details of standard care treatment and nimotuzumab therapy.

Evaluating parameters {#sec2-1}
---------------------

The Response Evaluation Criteria in Solid Tumors 1.1 were used to evaluate tumor response to the treatment. Complete remission (CR), partial remission (PR), stable disease (SD), and progression disease was calculated. The objective response rate (ORR) was also calculated. OS was defined as the time from date of diagnosis to the date of death due to any causes or the last follow-up/last contact. Adverse events (AEs) were collected and graded by the National Cancer Institute\'s Common Toxicity Criteria version 4.

Statistical analysis {#sec2-2}
--------------------

Statistical analysis was conducted using STATA software (version. 12, StataCorp., Texas, USA). Data were expressed in descriptive statistics. Median OS along with 95% confidence interval (CI) was estimated by the Kaplan--Meier method.

Results {#sec1-3}
=======

General characteristics {#sec2-3}
-----------------------

A total of fifteen (*n* = 15) patients of locally advanced or recurrent/metastatic ESCC was found to be eligible and considered for the final analysis. The mean age of the enrolled patients was 55.33 ± 13.3 years with seven males (47%) and eight females (53%). The most common anatomical site of the tumor was lower thoracic esophagus (53.33%) followed by middle thoracic esophagus (27.7%). Majority of patients had a good performance status (ECOG 0--1). The baseline characteristics and type of standard treatment in unresectable, locally advanced or recurrent/metastatic ESCC patients are listed in [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of patients with unresectable, local advanced/metastatic esophageal squamous cell carcinoma

  Characteristics                          Value (%)
  ---------------------------------------- -----------------
  Total patients (*n*)                     15
  Mean age (years)±SD                      55.33±13.32
  Median age in years (IQR)                50 (45, 50, 67)
  Age group (years)                        
   35-45                                   4 (27)
   46-57                                   4 (27)
   58-69                                   4 (27)
   70-80                                   3 (20)
  Gender                                   
   Male                                    7 (47)
   Female                                  8 (53)
  Performance status                       
   ECOG -0                                 6 (40)
   ECOG -1                                 9 (60)
  Anatomical sub-sites esophagus           
   Upper thoracic esophagus                2 (13.3)
   Middle thoracic esophagus               4 (27.7)
   Lower thoracic esophagus                8 (53.3)
   Upper and middle thoracic esophagus     1 (6.7)
  Stage                                    
   Stage III                               9 (60)
   Stage IV                                6 (40)
  Type of standard treatment               
   CT + nimotuzumab                        3 (20)
   RT + nimotuzumab                        1 (6.7)
   CTRT + nimotuzumab                      6 (40)
   ICT + nimotuzumab                       1 (6.7)
   ICT, CTRT + nimotuzumab                 3 (20)
   ICT + nimotuzumab, CTRT + nimotuzumab   1 (6.7)

CT=Chemotherapy, CTRT=Chemoradiotherapy, ICT=Induction chemotherapy, RT=Radiotherapy, ECOG: Eastern Cooperative Oncology Group, IQR=Interquartile range, SD=Standard deviation

Effectiveness {#sec2-4}
-------------

The tumor response rate observed was as follows 33% of patients had a complete response and 67% of patients had partial response. The objective response rate was 100% \[[Table 2](#T2){ref-type="table"}\].

###### 

Overall tumor response in patients treated with nimotuzumab and standard treatment

  Overall tumor response   *n (%)*
  ------------------------ -----------
  CR                       5 (33.3)
  PR                       10 (66.7)
  SD                       0
  PD                       0
  ORR                      15 (100)

CR=Complete response, PR=Partial response, SD=Stable disease, PD=Progressive disease, ORR=Objective response rate

Survival outcome -- in this retrospective analysis, we observed that the 1-, 3-, and 5-year OS rates achieved with nimotuzumab combined with standard treatment were 58.33%, 29.17%, and 29.17%, respectively \[[Figure 1](#F1){ref-type="fig"}\]. The median OS was 26.8 months (95% CI, 2.63--not reached).

![Kaplan--Meier overall survival curve of patients with unresectable, local advanced or recurrent/metastatic esophageal squamous cell carcinoma treated with nimotuzumab and standard treatment](SAJC-8-112-g001){#F1}

Safety and toxicity {#sec2-5}
-------------------

The common AEs observed during treatment were vomiting (25%) followed by neutropenia (20.8%) and esophagitis (16.7%). The detailed toxicity and their grades of the combination therapy are summarized in [Table 3](#T3){ref-type="table"}. No grade three, four, and five toxicities were observed.

###### 

Common adverse events encountered during the treatment

  Adverse events   Grade 1-2   Grade 3-4   Total number (%)
  ---------------- ----------- ----------- ------------------
  Vomiting         6           0           6 (25)
  Neutropenia      5           0           5 (20.8)
  Anemia           2           0           2 (8.4)
  Esophagitis      4           0           4 (16.7)
  Skin rash        3           0           3 (12.5)
  Mucositis        1           0           1 (4.2)
  Diarrhea         1           0           1 (4.2)
  Fatigue          2           0           2 (8.4)
  Total                                    24 (100)

Discussion {#sec1-4}
==========

The findings of the present retrospective analysis indicate that addition of nimotuzumab to standard treatment improved the therapeutic response and survival in patients with unresectable, locally advanced and recurrent/metastatic esophageal cancer.

Esophageal cancer is aggressive cancer. Despite advances in its treatment standard, the outcome is unsatisfactory due to poor local control and distant metastasis, with a 5-year survival rate \<20%.\[[@ref6][@ref7]\] Concurrent chemoradiotherapy is a valuable treatment option in advanced esophageal cancer. In the advanced setting, median survival beyond 1 year has not been achieved with any combination chemotherapy.\[[@ref7]\] Therefore, alternative novel treatment strategies are being explored to improve efficacy and prolong the survival rate without compromising the safety.

EGFR is an important prognostic and predictive biomarker in ESCC. The EGFR overexpression is strongly associated with increased metastasis, decreased survival, poor prognosis, and treatment resistance.\[[@ref8][@ref9][@ref10][@ref11][@ref12]\] Thus Inhibiting EGFR pathway can inhibit tumor cell proliferation, differentiation, tumor angiogenesis, and promote treatment response of chemotherapy and radiation.\[[@ref11]\]

Nimotuzumab (BIOMAb EGFR^®^) is a newer, humanized anti-EGFR MAb, which blocks the EGFR activation and its downstream signaling by binding to the extracellular domain of the EGFR with intermediate affinity and high specificity.\[[@ref7][@ref22]\] It also enhances the radiosensitivity in esophageal cancer cells by inhibiting the EGFR/Akt/DNA-PKcs signaling pathway and reducing ATM and Rad51 activities.\[[@ref23]\] Nimotuzumab requires bivalent binding for stable attachment, which leads to selective binding to cells expressing moderate to high EGFR levels. When EGFR density is low, such as in normal tissues, monovalent interaction of nimotuzumab is transient, thus sparing healthy tissues and avoiding severe toxicities.\[[@ref24]\] This probably explains the unique benign safety profile and minimal treatment-related toxicities of nimotuzumab in comparison with other anti-EGFR Mabs.

To the best of our knowledge, this is the first Indian study documenting scientific (retrospective) evidence on the effectiveness, survival benefits, and tolerability of Nimotuzumab in combination with standard treatment in Indian patients with unresectable, locally advanced/metastatic ESCC.

In the present retrospective analysis, the addition of nimotuzumab to the standard treatment resulted in improved tumor response and survival in unresectable, locally advanced and recurrent/metastatic squamous cell esophageal cancer. The tumor response rate observed was as follows 33% of patients had a complete response and 67% of patients had partial response. The objective response rate was 100%. The OS benefit achieved with the combination at 1-, 3- and 5-year were 58.33%, 29.17 and 29.17% respectively. The median OS was 26.8 months (95% CI, 2.63 - not reached). Interestingly, these findings of favorable therapeutic and survival benefits are similar to nimotuzumab studies conducted in the Asian belt.\[[@ref17][@ref18][@ref19][@ref20][@ref21]\]

Studies in the Asian belt have documented evidence on improved tumor response and survival rates with nimotuzumab in combination with various investigator\'s choice of standard treatment in esophageal carcinoma.\[[@ref17][@ref18][@ref19][@ref20][@ref21]\]

Nimotuzumab combined radiotherapy {#sec2-6}
---------------------------------

In Phase II, clinical trial by Liang *et al.* treated 42 patients with esophageal cancers with the combination of radiotherapy and nimotuzumab.\[[@ref17]\] The median survival time observed was 14 months, and the median progression-free survival (PFS) was 10 months with the combination. The 2 and 3 years' OS rates were 33.3% and 26.2%, respectively, and the corresponding PFS rates were 24.5% and 22.1%. In this study, most patients achieved CR at 6 months after the treatment, suggesting a delayed therapeutic effect. The study also documented that EGFR overexpression was common and patients with a higher EGFR expression group (EGFR, +++) had a higher OS and a median survival time compared to low expression (EGFR, ++) group. Nimotuzumab was well tolerated in this study with no serious AEs.\[[@ref17]\]

A study by Guo *et al.*, in elderly patients with ESCC have also documented that the combination of nimotuzumab combined with radiotherapy was effective and tolerable. Elderly patients experienced Grade I/II radiation esophagitis, but no Grade III/IV toxicities were reported. No hematological, gastrointestinal, hepatic, or renal toxicities were observed in the study.\[[@ref25]\] Thus, the combination of nimotuzumab combined with radiotherapy was well tolerated in geriatric subset.

Nimotuzumab combined with chemotherapy {#sec2-7}
--------------------------------------

A prospective Phase II study by Lu *et al.* evaluated the efficacy and safety of the combination of nimotuzumab with paclitaxel and cisplatin (total parenteral nutrition) in 56 patients as first-line treatment for advanced ESCC.\[[@ref18]\] In the study, ORR was 51.8% and disease control rate (DCR) (CR + PR + SD) was 92.9%. The median OS observed in all the patients was 20.2 months. Among patients with local-regional advanced disease, the median OS was not reached. Among patients with metastatic disease, median OS time was 14 months. The most common Grade III/IV toxicities were neutropenia (46.4%), nausea (48.3%), alopecia (78.6%), anorexia (42.8%), vomiting (55.4%), arthralgia (62.5%), and anorexia (5%). Addition of nimotuzumab to the standard TP regiment was found to be safe and well tolerated.\[[@ref18]\]

Similarly, Han *et al.*, retrospectively analyzed the evaluated the safety and efficacy of nimotuzumab in combination with chemotherapy regimens in patients with locally advanced/metastatic esophageal cancer.\[[@ref19]\] The study documented that the objective response rate was 38.1% and disease control rate was 81%. The mean progression-free survival was seven months, and the 18-month OS was 10%. The most common AEs observed were myelosuppression, anemia, and leukopenia. No long-term drug-related toxicity was observed during the follow-up. Nimotuzumab in combination with standard chemotherapy regimen in this study achieved better clinical outcomes, without accumulation of toxicity and was well tolerated.\[[@ref19]\]

Nimotuzumab combined with chemoradiotherapy {#sec2-8}
-------------------------------------------

Lai *et al.*, in a retrospective study observed the efficacy and toxicities of combined nimotuzumab with chemoradiotherapy in 43 patients with locally advanced and metastatic ESCC.\[[@ref20]\] At 1 month after the treatment, objective response rate was 65.12%, and disease control rate was 86.05%. The 1- and 2-year OS rates were 67.44% and 27.91%, respectively. The median OS was 15.5 months, and the median PFS was 8.83 months. Multivariate analysis showed that the patients with more cycles (\>6 times) of nimotuzumab treatment had a better PFS and OS than those with fewer cycles (≤6 times).\[[@ref20]\]

Similarly, Wang *et al.*, retrospectively recruited 66 patients with ESCC treated with nimotuzumab and chemoradiotherapy/radiotherapy.\[[@ref21]\] Patients who received more than 1,200 mg of nimotuzumab (200 mg/week for six circles, which equals to 1,200 mg in total) were classified as the high-dose group, and the remaining patients were classified as the low-dose group. The 1-, 2-, and 3-year OS rates in the low-dose and high-dose groups were 66.9%, 50.0%, 31.5% and 90.0%, 80.0%, 66.7%, respectively (*P* = 0.04). Multivariate analysis showed that the high-dose group had better survival than the low-dose group. Taken together, high-dose nimotuzumab showed limited toxicity and improved survival in patients with ESCC. The median OS for the low-dose group was 22.1 months, whereas that of the high-dose group was not reached at the end of the study.\[[@ref21]\]

In Indian setting, there is a paucity of evidence in literature on Nimotuzumab in ESCC. An individual case report by Sharma, in a 70-year-old obese female with locally advanced ESCC has recognized the effectiveness of nimotuzumab in combination with chemoradiotherapy. In the case report, the patient responded well to the combination therapy and resulted in the near absence of tumor lesion, which was evident on a repeat, posttreatment whole-body positron emission tomography-computed tomography scan. The therapy was well tolerated without any significant adverse effects.\[[@ref26]\]

In the present study, the common AEs observed during treatment were vomiting followed by neutropenia and esophagitis, which are similar to documented studies.\[[@ref19][@ref20]\] No grade III, IV, and V toxicity was observed. No anti-EGFR-related toxicity such as severe skin rash, infusion reactions, or hypomagnesemia was observed. Nimotuzumab was observed to be safe with no additional potentiating AEs encountered.

In summary, the study suggests that the addition of nimotuzumab to standard treatment to be a promising, novel and effective treatment option in Indian patients with unresectable, locally advanced/metastatic squamous cell esophageal cancer. Further prospective, multicenter, randomized clinical trials are warranted to validate these interesting findings.

The study had few limitations: first, the study design was retrospective with a single arm assessment. Second, the sample size was small. Third, the retrospective data included patients treated with heterogeneous standard treatment.

Conclusion {#sec1-5}
==========

The addition of Nimotuzumab to standard treatment improved the survival rate, achieved a better tumor response rate and was well-tolerated in unresectable, locally advanced/ metastatic ESCC.
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